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How	  could	  we	  re-­‐engineer	  the	  ﬂow	  of	  
wastes	  to	  move	  from	  an	  ﬂow-­‐through	  
system	  to	  a	  closed	  loop	  system?	  
	  
•  Technology	  
•  Economics	  
	  
•  Social	  and	  poli@cal	  system	  
	  
	  
Goal	  1:	  Map	  poten@al	  sources	  and	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  of	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The	  Future:	  Closed	  Loop	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Divert	  for	  human	  food	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Extract	  energy	  
Compost	  
Disposal	  
Reduce	  waste	  
Food	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What	  is	  the	  op+mum	  point	  for	  managing	  organic	  wastes?	  
Make	  fer@lizer	  
Biosolids	  Recycling	  in	  Minnesota	  
Most	  biosolids	  are	  wasted	  –	  
landﬁlled	  directly	  or	  a<er	  incinera+on.	  
Poten@al	  beneﬁts	  of	  
recycling	  in	  Metro	  region:	  
Ø  Biosolids	  ash	  could	  
supply	  farm	  P	  within	  50	  
mile	  radius	  
Ø  Value	  of	  $15	  million	  
Ø  Consistent	  supply	  
Ø  Logis@cally	  feasible	  
Compare the effects of ash, struvite, dried 
pellets, and commercial P fertilizer as 
nutrient source for crops (lettuce and corn): 
 
1. Chemical characterization of each material 
2.  Growth rate of plants 
3. Elemental composition of plant tissue and 
soils 
 
	  By-­‐Product	  Characteris@cs	  -­‐	  Nutrients	  
Nutrient	  Concentra@on	  	  
By-­‐Product	  
Ash	  
Dried	  
pellets	   Struvite	  
P	  
Fer@lizer	  
Crystal	  
Green	  
-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐	  %	  -­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐	  
Total	  Nitrogen	  	   0.195	   5.07	   4.97	   ND	   5.66	  
Ammonium-­‐nitrogen	   0.045	   0.31	   4.39	   ND	   4.68	  
Nitrate-­‐Nitrogen	   ND	   ND	   ND	   ND	   ND	  
Total	  Phosphate	  (P2O5)	   31.03	   8.59	   26.87	   50.1	   28.69	  
Available	  Phosphate	  
(P2O5)	   13.43	   7.85	   17.22	   46.0	   13.66	  
Total	  Potash	  (K2O)	   2.84	   0.31	   <0.10	   0.22	   <0.10	  
Available	  Potash	  (K2O)	   1.96	   0.29	   ND	   ND	   ND	  
	  Amendment	  Characteris@cs	  -­‐	  metals	  
Element	   Ash	   Pellets	   Struvite	  
P	  
Fer@lizer	   Soil	  
-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐	  mg/kg	  -­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐	  
Boron	   73	   51	   31	   46	   20	  
Cadmium	   8.2	   1.6	   <0.01	   15.2	   0.3	  
Chromium	   148	   38	   12	   305	   15	  
Copper	   2253*	   1066	   53	   65	   9	  
Mercury	   2.51	   0.415	   0.16	   0.008	   0.082	  
Lead	   128	   24	   13	   <1.0	   8	  
Molybdenum	   56	   23	   0.7	   1.3	   1.4	  
Nickel	   90	   28	   4	   33	   13	  
Selenium	   13	   4.5	   2.2	   ND	   0.6	  
Zinc	   2984*	   1106	   65	   388	   51	  
*Above EQ limit for solid waste (MPCA)  
Ash 
100 lb  
P2O5/A 
Control 
100 lb P2O5/A 
Fertilizer Ash Dried  
Biosolids 
Struvite 
Results – Corn Dry Weight 
P source = NS; P rate = **; P rate x P source = NS  
Overall	  Summary	  &	  Next	  Steps	  
n  Ash	  has	  the	  poten@al	  to	  be	  used	  as	  a	  P	  source	  
q Growth	  response	  of	  le:uce	  and	  corn	  
q P	  uptake	  
n  Cu	  and	  Zn	  in	  the	  ash	  are	  above	  the	  503	  EQ	  limit	  
q Current	  solid	  waste	  rules	  503	  metal	  levels	  
q These	  rules	  do	  not	  apply	  to	  fer@lizer	  
n  When	  used	  at	  rates	  based	  on	  P	  fer@lizer	  recommenda@ons,	  metal	  
loading	  rates	  are	  low	  
n  Depending	  on	  decisions	  about	  future	  use	  of	  incinera@on	  to	  manage	  
biosolids,	  ﬁeld	  tes@ng	  of	  the	  ash	  should	  be	  the	  next	  step	  	  
	  
How	  much	  food	  loss	  occurs	  in	  in	  Minnesota?	  
Food	  calories	  per	  capita:	  
	  Consumed:	  2,031	  calories/day	  
	  Lost	  (retail	  &	  consumer	  level):	  	  1,249	  calories/day	  
	  We	  loose	  61%	  as	  many	  calories	  as	  we	  eat!	  
	  Cost	  of	  food	  loss	  (Minnesota	  only):	  $2.8	  billion	  
Wasted	  food	  could	  feed	  2	  million	  Minnesota	  hogs!	  
What	  is	  the	  highest	  and	  best	  use	  of	  organic	  wastes?	  
Analyze	  for	  nutrient	  contents	  
(calories,	  fat,	  protein,	  ﬁber,	  
carbohydrates);	  dry	  weight,	  etc.	  
Convert	  to	  energy	  fuels	  –	  
gas,	  liquid	  fuels	  
Split	  samples	  
Which	  food	  wastes	  could	  	  
become	  feedstocks	  for	  animals?	  
SSO	  waste	   Byerley’s	  	  	  
Produce	  waste	   Byerley’s	  	  
deli	  waste	  
Mixed	  organics	  waste	  
Dining	  hall	  waste	  
Fast Microwave Assisted Pyrolysis and 
Gasification (fMAP and fMAG) 
Organic	  substrate	  à	  	  
gas	  +	  liquid	  fuel	  +	  char	  
….	  and	  which	  are	  beEer	  for	  fuels?	  
Microwave-Assisted Pyrolysis (MAP) System 
Industry	  benchmark	  studies	  	  (Cascadia	  2006).	  	  
Where	  is	  food	  waste?	  	  
We	  can	  now	  map	  the	  distribu+on	  of	  calories	  at	  grocery	  stores	  
Relative calories lost / store
MN Counties
Food Waste
Calories Lost / sq mi
0
< 5,000,000
5,000,001 - 8,000,000
8,000,001 - 13,000,000
13,000,001 - 20,000,000
> 20,000,000
¯ 0 5 10 15 202.5 Miles
Source	  1	   Source	  2	   Source	  3	  
Transfer	  	  
Sta@ons	  	  	  
	  
Biosolids	  	  
ash	  
Landscape	  	  
waste	  
Farms	  or	  urban	  
landscapes	  
Landﬁll	  
Food	  wastes	  
Bin	  1	  	  	  	  	  	  2	  	  	  	  	  	  	  	  	  	  3	   Bin	  1	  	  	  	  	  	  2	  	  	  	  	  	  	  	  	  	  3	   Bin	  1	  	  	  	  	  	  2	  	  	  	  	  	  	  	  	  	  3	  
Animal	  feed	  
	  processor	  1	  
	  
Animal	  feed	  
	  processor	  1	  
	  
Energy	  	  
extrac@on	  
Char;	  sludge	  
Compos@ng	  
Preliminary	  vision	  of	  re-­‐engineered	  organic	  wastes	  system	  
How	  do	  we	  re-­‐engineer	  the	  
social	  and	  poli+cal	  
environment	  to	  improve	  the	  
ﬂow	  of	  organics?	  
•  Households	  
•  Farmers	  
•  Ci@es	  
•  Met	  Council	  
•  Regulatory	  agencies	  
SUMMARY	  
Ø  There	  are	  mul@ple	  poten@al	  beneﬁts	  to	  re-­‐
engineering	  our	  organic	  waste	  system	  
•  Decrease	  cost	  of	  disposal	  
•  Generate	  value	  from	  products	  
Ø  Crea@ng	  knowledge	  about	  waste	  u@liza@on	  poten@al	  
(highest	  and	  best	  use)	  will	  create	  value	  
Ø  Modifying	  waste	  infrastructure	  may	  facilitate	  broader	  
u@liza@on	  of	  organic	  wastes.	  
Ø  Re-­‐engineering	  also	  involves	  social	  and	  poli@cal	  
system.	  
Status	  of	  Organic	  Wastes	  in	  the	  Twin	  City	  Region	  
Source	   Recycled	   Landﬁlled	  
Residen@al	   6	   94	  
Commercial	  and	  industrial	   33	   67	  
Biosolids	   55	   45	  
Landscape	  vegeta@on	  
Costs	  for	  various	  MWS	  disposal	  methods.	  
	  	   Low	   High	  
Recycling	  (residen@al)	   110	   193	  
Recycling	   85	   90	  
Food-­‐to-­‐animals	   0	   49	  
Source	  separated	  organics	   80	   193	  
Waste	  to	  energy	   168	   207	  
Landﬁll	   130	   162	  
Costs	  of	  u+lizing	  wastes	  are	  o<en	  less	  than	  landﬁlling.	  
Source:	  Metropolitan	  Solid	  Waste	  Plan	  2010-­‐2030,	  Table	  4.	  
